Abstract-The heat capacities of annealed and quenched samples of Lio.osZno.poFea.as04 and of quenched ZnFqO, have been determined over the range .5-350°K. Addition of lithium to zinc ferrite lowers the temperature of the co-operative thermal anomaly associated with antiferromagnetic ordering transition in accord with theory, and quenching of either material results in nearly complete disappearance of the X-anomaly but modifies the pronounced high-temperature tail less significantly. The effects on the thermal properties are interpreted in terms of sublattice populations.
INTRODUCTION
ANNEALED zinc ferrite possesses the normal spine1 structure.
The zinc is located on the tetrahedrally co-ordinated A sites, and the iron on the octahedrally co-ordinated B sites.@) As pointed out by NBEL,Q) the transfer of the zinc from A to B sublattices can be described in terms of an energy increment, w. When kT is considerably larger than w, the zinc can be considered to be uniformly distributed among the various possible sites of both sublattices.
The material would thus be partially inverted.
With decreasing thermal agitation, the zinc should preferentially migrate to the A sites until, at O"K, the material, after an infinite time, would be entirely normal. NOEL hypothesized that the energy w is large and negative for manganese.
It then numerically decreases with increasing atomic number and passes through zero between copper and zinc. He gave evidence to show that copper ferrite is partially inverted under suitable heat-treatment.
BROCKMANt3)
pointed out that zinc ferrite could be made ferromagnetic by quenching from about 1400°C. According to the NOEL@) theory of ferrite magnetization, this would occur if the zinc were located partially on the B sublattice-a fact in agreement with a small positive energy increment for the transfer of zinc from the A to the B sublattice. The heat capacity of zinc ferrite (annealed) shows a sharp peak between 9.5 and 9*7"K. 
(b) Cryogenic technique
The Mark I cryostat and the technique employed for low-temperature adiabatic calorimetry are described.u3)
The copper calorimeter (laboratory designation W-9) was similar to calorimeter W-6;(14) it was gold-plated inside and out, but had only four vanes. The specific heat of the empty calorimeter was separately determined (using the same thermometer and heater, and the same amounts of indiumtin solder for sealing and Apiezon-T grease for thermal contact with the thermometer and heater); it represented from 20 to 50 per cent of the total heat capacity observed. The platinum resistance thermometer (laboratory designation A-3) was calibrated at the National Bureau of Standards.
The temperatures are believed to correspond with the thermodynamic scale within 0.03" from 10" to 90"K, and within 0.04" from 90" Table 2 in chronological order. The individual temperature increments can generally be estimated from the adjacent mean temperatures. The values are expressed in terms of the defined thermochemical calorie of 4.1840 absolute J.
The ice point is taken to be 273*15"K. The molecular or gram-formula weights of Lie.05 Zne.ssFes.ssO4 and ZnFesO4 were taken to be 237.682 and 241.08, respectively. An analytically determined "curvature" correction for the finite temperature increments employed has been added to each observed value of AH/AT. Because of the low pressure in the calorimeter, the values thus corrected to dHjdT are equal to C,' or C$ within the limits of the experimental error. Above 30"K, most of the points deviated from the curve by less than 0.001 cal/mole/"K; the deviations were not normally distributed and in a very few cases were close to 0.01 Cal/mole/OK. Experience = indicated that these deviations are not reproducible and presumably not significant. Below 30°K the measurements become progressively less accurate due to the smaller absolute heat capacity, the smaller temperature intervals, and the decreased sensitivity of the thermometer. Below about 9"K, considerable time was required for the establishment of thermal equilibrium, as had been noted in the heat capacity of zinc ferrite.(s)
-
Values of C,", So--&", and (H"-Ho")/T at selected temperatures are presented in Tables 3,4 , and 5. The enthalpy and entropy increments were computed by numerical integration, using graphically interpolated values of heat capacity. The values of entropy are considered to be accurate to f0.01 eu, even at the higher temperatures, and the enthalpy values are considered accurate to f0.1 per cent, except at the lowest temperatures.
Some of the tabular data are given to an additional digit because, while it is not significant on an absolute basis, it is significant on a relative basis, as when the entropies or enthalpies at different temperatures are compared.
DISCUSSION (a) Z&e204
From the results given in Table 2 and depicted in Fig. 1 , it is apparent that the quenching has eliminated all except elemental vestigia of the antiferromagnetic type ordering below 10°K. This is in agreement with the interpretation of sublattice population and spine1 inversion as discussed by NOEL and evidenced by BROCKMAN@) utilizing the magnetic moment. The annealed zinc ferrite sample had a sharp peak of magnitude greater than 2.3k per iron atom. Although we were not able to establish an upper limit to the magnitude of the peak, it is probable that it is less than the 3~37k predicted by TACHIKI and YOSIDA.@) It is expected in establishing thermal equilibrium, and (c) because our annealed sample was probably partially inverted. The reason for the latter is that the socalled Tammann temperature of zinc ferrite-the temperature for which body diffusion becomes negligible-is about 700°C. Although this is not a strict lower limit to the annealing temperature at which the zinc population can be in equilibrium between the two sublattices, it is improbable that the equilibrium would persist to a very much lower temperature. Thus the conditions at about 700°C would be frozen into the annealed specimen.
(6) Lio.osZno.so8'ez.o@4 Fig. 1 The thermal properties of ZnFeaO4 are thus seen to depend strongly upon thermal history, and may be interpreted in terms of sublattice populations. Small amounts of lithium considerably reduce the NCel temperature.
It is suggested that the lithium goes onto the B sublattice to an ordered structure in a mixed zinc ferrite even when only 10 per cent of the available ordered lattice sites are occupied.
It is to be noted in Fig. 2 
